Another line of investigations is one relating to (the counter-action of certain
substances to the toxicity of copper sulphate towards the spores of brown rot
fungi.

P. B. Marsh (1945) found that the conidia of S. fructicola have a very
high affinity for copper, being able to concentrate it within themselves from
a very dilute solution, and that calcium chloride, magnesium sulphate or
potassium chloride may counteract the inhibitory effect of copper sulphate
on the germination of the spores.

Again, the toxic effect of CuSO4 solutions on respiration and germination of
the conidia is partially or completely reversed by the addition of solutions or
sulphydryl-containing compounds. The completion of the reversal is
dependent on the molar ratio or antidote to CuSO4, the length of time
elapsing between the addition of Cu solution and the addition of the antidote,
and the type of antidote.

An example of synergism is recorded by Ciferri (1950) for copper sulphate
and ammonium hexanitrodiphenylamine ; he found that their toxicity was
increased when the two were used together on six fungi tested, including
" Scleratinia fructicola " but not on Plasmopara viticola.

Lin (1940) showed that electrolytes antidote the toxicity of copper and
promote spore germination.

Sulphur and Sulphur Compounds

Sulphur, in various forms and combinations, has often been used in
laboratory tests because of its importance in horticultural practice for disease
control, and also because its marked toxic action towards fungi, particularly
the Powdery Mildews, has interested many research workers who have sought
to explain its fungicidal action. Some of these studies have been summarized
by Horsfall (1945) or are mentioned in recent papers on the subject (e.g.
Baldwin, 1950).

Only comparatively recently has the action of sulphur on the brown rot
fungi been investigated under controlled laboratory conditions. Barker et al*,
(1920) mentioned Sclerotinia fructigena as one of the organisms used in an
investigation of the action of sulphur and some of its compounds. The
conidia were found to be very sensitive (100 per cent inhibition) when placed
in hanging drops of water containing particles of sulphur. Germination was
inhibited also by low concentrations of sulphuretted hydrogen, sulphur dioxide
and sulphuric acid. In examining the sphere of influence of sulphur particles
on culture plates it was seen that with S. fructigena thecre were well-defined
zones round the masses of sulphur within which no germination took place.
Later Barker (1928) demonstrated toxicity to conidia of S. fructigena of a
gaseous sulphur product, probably sulphuretted hydrogen, and R. W. Marsh
(1929) found that H2S inhibited the germination of Manilla jructigena spores
at a concentration of 1 in 39000 and those of Manilla cinerea at 1 in 40,000.

Many papers on the fungicidal action of sulphur and its compounds using
Sclerotinia fructicola as one of the test organisms have been published in
the United States. Young (1922, 1923) studied the toxic properties of sulphur
on several fungi including S. cinerea [S. fructicola]. Flowers of sulphur were
found to be directly toxic to this fungus ; finely-ground flowers of sulphur
were more toxic than unground sulphur, the range of greatest toxicity being
pH. 4*2 to 5*4. The hydrophilic form of colloidal sulphur proved to be highly
toxic to S. fructicola, while the hydrophobia solution exerted only approxi-
mately the same slight toxic action as ground sulphur. It was considered
that the hydrophilic colloidal sulphur contains the toxic substance produced
by the ordinary forms of sulphur ; it was toxic in van Tieghem's cells when
separated 8 mm. from the spores.
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